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Enclosed please find two copies of the September 1999 Final Intrinsic Remediation 
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Environmental Excellence Technology Transfer Division (AFCEE/ERT) and Patrick Air 
Force Base (AFB). 

The intent of the TS Addendum was to determine the role of natural attenuation in 
remediating fuel contamination in groundwater at Site ST-29. The draft TS Addendum 
was submitted to AFCEE in July 1999. Comments on the draft TS Addendum were 
received from AFCEE as reviewed by Jon Atkinson (dated 09 September 1999). 
Responses to these comments were prepared by Parsons ES and are attached to this letter. 

If you have any questions or comments regarding this package, please do not hesitate 
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Responses to AFCEE Comments on the Draft Addendum to the Intrinsic 
Remediation Treatability Study for Site ST-29, Patrick AFB, Florida 


GENERAL COMMENTS 

Comment 1) Page 5, Sec 2.0, Para 1, Sent 1: Manganese is listed but does not appear 
on Table 1 A. This apparent discrepancy should be resolved. 

Parsons, ES Response: Manganese was not analyzed for in January 1996. Section 2.0 

will be amended to indicate that manganese was only analyzed 
for in 1998. 


Comment 2) Pages 5 and 6, Tables 1A and IB: For the analyte “Alkalinity,” the typo 
“Biocarbonate” should be corrected. 

Parsons ES Response: The tables will be corrected as indicated. 


Comment 3) Page 13, Table 4: Here, and throughout the document (e.g., p. 18, para 1) 
recommend reporting all analytical results to no more than three 
significant figures (e.g., 1,860 ug/L of toluene) to better reflect accuracy 
and certainty of these measurements. 

Parsons ES, Responsei Analytical results will be reported to three significant figures 

throughout the document. 


Comment 4) Page 16, Fig 3: For the January 1996 BTEX plume, the highest mapped 
concentration (50 ug/L) is two orders of magnitude lower than the highest 
mapped concentration (5,000 ug/L) for the other three depicted plumes. 
This apparent discrepancy should be resolved. 

Parsons ES, Response : Agreed. Insufficient data was collected in January 1996 to 

determine the maximum BTEX concentrations within the 
groundwater plume (e.g., no data for monitoring point cluster 
CPT-03). Based on maximum concentrations of BTEX measured 
in 1994, 1995, and 1998, dashed (inferred) BTEX isopleths for 
500 ug/L and 5,000 ug/L will be added to the January 1996 map. 

Comment 5) Page 20, Sec 2.2, Para 3: Recommend annotating the computer codes 
(e.g., BIOPLUME II, MODFLOW) that were used in the computer 
modeling efforts. 

Parsons ES, Response : The computer code for BIOPLUME II was used in the modeling 

effort for the TS, and will be annotated in Section 2.2. 
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Responses to AFCEE Comments on the Draft Addendum to the Intrinsic 
Remediation Treatability Study for Site ST-29, Patrick AFB, Florida 

(Continued) 


Comment 6) Page 21, Sec 2.3, Line 11: Recommend changing “may indicated” to 
“may indicate.” 

Parsons ES Response: The text will he changed as indicated. 


Comment 7) Page 35, Sec 2.5, Para 1, Line 4: “sulfate” should be replaced by 
“methane.” 

Parsons ES_ Response: The text will be changed as indicated. 
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1.0 INTRODUCTION 


This report was prepared for the Air Force Center for Environmental Excellence 
(AFCEE) by Parsons Engineering Science, Inc. (Parsons ES) as an addendum to the Final 
Intrinsic Remediation Treatability Study (TS) for Site ST-29, Patrick Air Force Base 
(AFB), Florida (Parsons ES, 1995). The TS was conducted to evaluate the use of 
intrinsic remediation with long-term monitoring (LTM) for remediation of fuel 
hydrocarbon contamination dissolved in groundwater at Site ST-29. The Final TS 
included data for two sampling events conducted in March 1994 and March 1995. This 
addendum summarizes the results of two additional sampling events conducted in 
January 1996 and March 1998 by researchers from the US Environmental Protection 
Agency (USEPA) National Risk Management Research Laboratory (NRMRL) 
Subsurface Protection and Remediation Division. Additional data collected by CH2M 
Hill in May 1995 also are included in this analysis. 

The main emphasis of this summary is to evaluate changes in dissolved benzene, 
toluene, ethylbenzene, and xylene (BTEX) concentrations, BTEX plume extent, and 
natural attenuation mechanisms through time. Results, calculations, and predictions 
presented in the TS (Parsons ES, 1995) are used as the basis for comparison. Data 
collected in January 1996 and March 1998 are presented in Appendix A. 

1.1 Facility Background 

Patrick AFB lies on a narrow barrier island off the eastern coast of Florida in Brevard 
County. Site ST-29 is located in the north-central section of Patrick AFB, approximately 
400 feet west of the northeastern end of the northeast/southwest runway. Site ST-29 
consists of the BX Service Station, including a small food market (Building 736), a 
gasoline dispensing area, and a car wash facility (Building 737) (Figure 1). The BX 
Service Station has been in operation since 1954. Four 10,000-gallon fiberglass motor 
vehicle gasoline (MOGAS) underground storage tanks (USTs) and one 1,000-gallon 
waste oil aboveground storage tank (AST) are currently used to dispense or store 
petroleum products. 

1.2 Operational and Site Investigation History 

In 1973, five 5,000-gallon MOGAS USTs previously located northeast of Building 
736 (the BX Service Station) were removed (Figure 1), and the excavations were 
backfilled with sand. In the same year, the MOGAS tanks were replaced with five 
10,000-gallon fiberglass USTs. One of the 10,000-gallon MOGAS USTs and product 
lines from another of the 10,000-gallon fiberglass USTs were discovered to be leaking in 
1985. Between 1985 and 1986, an estimated 700 gallons of unleaded gasoline was 
released into the subsurface as a result of the leaking lines and tank. In 1986, the leaking 
10,000-gallon MOGAS UST was removed, leaving four MOGAS USTs in operation. A 
500-gallon waste oil UST also was removed and replaced in February 1992 with a 1,000- 
gallon waste oil AST. 

The Air Force Installation Restoration Program (IRP) was initiated at Patrick AFB in 
1984 when the Air Force Engineering and Services Center (AFESC) retained 
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Environmental Science & Engineering, Inc. (ESE) to conduct a records search of 
previous Base activities (Phase I of the IRP) (ESE, 1984). Phase II (stage 1) IRP work at 
Patrick AFB began in 1985 and the BX Service Station (ST-29) was identified and added 
to the IRP for Phase II (stage 2) activities (ESE, 1988). Phase II (stage 2) work involved 
two monitoring events (November 1988 to January 1989 and October to November 1989) 
to determine fluctuations in groundwater levels at the site (ESE, 1991). A Phase II (stage 
3) program at the BX Service Station was performed by O’Brien & Gere Engineers, Inc. 
(1992) in accordance with the Florida Department of Environmental Protection (FDEP) 
Petroleum Contamination Assessment (PCA) guidelines, as outlined in Chapters 17- 
770.600 and 17-770.630 of the Florida Administrative Code (FAC). The objective of the 
Phase II (stage 3) investigation was to evaluate the nature and extent of contamination at 
the site and to make remedial recommendations. 

A soil gas survey was conducted by Engineering-Science, Inc (ES, now Parsons ES) at 
the BX Service Station in January 1993 (ES, 1993), prior to installation of a pilot 
bioventing system. A 20-foot by 20-foot grid was laid out in the area where previous 
sampling had determined that soil hydrocarbon contamination was present. Total volatile 
petroleum hydrocarbons (TVPH) exceeded 10,000 parts per million, volume per volume 
(ppmv) at locations adjacent to the north and east sides of the car wash (Building 737) at 


1.3 Remedial Activities 

A pilot scale bioventing system consisting of one horizontal vent well and five soil gas 
monitoring points was installed and tested at the site in March 1993. The pilot-scale 
bioventing system was installed in an area north of Building 737 (Figure 1) to treat soil 
contaminated with residual BTEX. Due to high levels of TVPH in soil gas, a soil vapor 
extraction (SVE) pilot test was performed from October 1993 to January 1994. The pilot- 
scale air injection bioventing system was then run from January 1994 through July 1995. 
The pilot-scale system was expanded with a full-scale bioventing system in June 1995. 
The full-scale bioventing system was in operation at the site from June 1995 to July 1998, 
at which time confirmation sampling was performed. Based on results of the 
confirmation sampling, it was recommended that the bioventing system operation be 
discontinued. Details regarding the results of the bio venting system were presented in a 
confirmation sampling and analysis report (Parsons ES, 1999). 

2.0 RESULTS 

In January 1996 and March 1998, researchers from the USEPA NRMRL collected 
groundwater samples from 13 and 14 monitoring locations, respectively at Site ST-29. 

^°^ ti0n . S CPT-4S, -4D, -09S, -12S, -16DD, -18S were sampled during both the January 
1996 and March 1998 events. 

Samples were analyzed in the field for oxidation/reduction potential (ORP), dissolved 
oxygen (DO), conductivity, temperature, pH, carbon dioxide, manganese (1998 only), 
sulfide and alkalinity. Additional sample volume was analyzed at the USEPA NRMRL 
m Ada, Oklahoma for nitrate+nitrite, ammonia, chloride, sulfate, methane, ethane, ethene, 
total organic carbon (TOC), BTEX, trimethylbenzenes (TMBs), and methyl tert-butyl 
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ether (MTBE). Samples were also analyzed for total fuel carbon, phenols and aliphatic 
acids, and chlorinated volatile organic compounds (CVOCs) in 1996. CVOCs were not 
detected in any groundwater samples collected in January 1996. The analytical methods 
used in January 1996 and March 1998 are summarized in Tables 1A and IB. Copies of 
laboratory results and field notes are provided in Appendix A. 

2.1 Flow Direction and Gradient 

Depth to groundwater was measured at monitoring locations in March 1994 and 
January 1996. Groundwater elevations were not recorded in March/May 1995 or March 
1998. Monitoring point construction details are summarized in Table 2, and groundwater 
elevation data collected at the site are summarized in Table 3. Groundwater elevation 
contour maps for March 1994 and January 1996 are shown on Figure 2. 

Shallow groundwater at Site ST-29 is present at depths of 4 to 5 feet below ground 
surface (bgs). Groundwater at Site ST-29 generally flows to the west towards the Banana 
River (Parsons ES, 1995). The horizontal hydraulic gradient measured in March 1994 
was approximately 0.002 foot per foot (ft/ft), with an average groundwater velocity 
calculated to be 0.43 foot per day (ft/day), or 157 feet per year (ft/yr). The water table in 
January 1996 was an average of 0.4 feet higher than in March 1994. The January 1996 
data suggest a northwesterly groundwater flow direction. However, insufficient data 
were collected to accurately determine the flow direction and gradient during this 
sampling event. 

Vertical hydraulic gradients measured in nested monitoring point pairs in 1994 range 
from approximately 0.004 ft/ft in a downward direction at CPT-22 and CPT-03, to 
approximately 0.0015 to 0.0123 ft/ft in an upward direction at CPT-04, CPT-26, and 
CPT-24. No vertical gradients were present at CPT-23 and CPT-25 in 1994. This 
information indicates the presence of a downward hydraulic gradient in or near the 
source area, with a transition to an upward gradient to the west of the source area in 
March 1994. A similar downward vertical gradient was observed in January 1996 at 
CPT-03, but the vertical gradient at CPT-04 shifted from upward in 1994 to downward in 
1996. 

2.2 Dissolved BTEX Contamination 

Analytical results for fuel hydrocarbons detected at the site are provided in Table 4. In 
order to evaluate trends in dissolved BTEX concentrations and distribution through time, 
the areal distributions of dissolved BTEX for March 1994, March 1995, January 1996, 
and March 1998 are presented on Figure 3. Vertical distributions along the primary flow 
path of dissolved BTEX for each sampling event are presented on Figure 4. As defined by 
the 5 microgram per liter (pg/L) concentration isopleth, the March 1998 BTEX plume 
appears to be approximately 450 feet long, compared to approximately 650 feet long in 
March 1994 (Figure 3). Given an advective groundwater velocity of approximately 156 
ft/yr and an estimated retardation coefficient for benzene of 2.6 (Parsons ES, 1995), the 
plume potentially could have migrated a minimum of 240 feet in the four years from 
March 1994 to March 1998 (not accounting for the effects of dispersion, which would 
elongate the plume even further). However, monitoring data indicate that the plume 
extents for March/May 1995, January 1996, and March 1998 are less than March 1994. 
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TABLE1A 

SUMMARY OF GROUNDWATER ANALYTICAL METHODS 

JANUARY 1996 

INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 

SITE ST-29 

PATRICK AFB, FLORIDA 


Analyte 


Method 


Field (F) or 
Fixed-Base 


Laboratory (L) 


Oxidation\Reduction Potential 
Dissolved Oxygen 
Conductivity 
Temperature 
pH 

Ferrous Iron 
Hydrogen Sulfide 
Alkalinity (Carbonate [C0 3 2 "] 
and Bicarbonate [HC0 3 ‘]) 


Direct Reading Meter 
Direct Reading Meter 
Direct Reading Meter 
Direct Reading Meter 
Direct Reading Meter 

Colorimetric, Hach Method 8146 or equivalent 
Colorimetric, Hach Method 8131 or equivalent 
Titrimetric, Hach Method 8221 or equivalent 


F 

F 

F 

F 

F 

F 

F 

F 


Nitrate + Nitrite 

Conductivity 

Sulfate 

Methane, Ethane and Ethene 
Total Organic Carbon 
BTEX b/ , TMBs^, and Total 
Fuel Carbon 
CVOCs^, MTBE e/ , and 
1,2-Dibromoethane 
Phenols and Aliphatic Acids 


EPA Method 353.1 
EPA Method 120.1 

Waters Capillary Electrophoresis Method N-601 
RSKSOP-175 s7 and RSKSOP-147 
RSKSOP-102 
RSKSOP-133 

RSKSOP-148 

RSKSOP-177 


L 

L 

L 

L 

L 

L 

L 

L 


RSKSOP - Robert S. Kerr Laboratory (now known as NRMRL) standard operating procedure. 
BTEX = benzene, toluene, ethylbenzene, and xylenes. 

TMBs = trimethylbenzenes. 


CVOCs — chlorinated volatile organic compounds. 
e/ MTBE = methyl tertiary-butyl ether. 


022/729691/PATRICK/2.xls Table 1A 
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TABLE IB 

SUMMARY OF GROUNDWATER ANALYTICAL METHODS 

MARCH 1998 

INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 

SITE ST-29 

PATRICK AFB, FLORIDA 


Analyte 

Method 

Field (F) or 

Fixed-Base 

Laboratory (L) 

Oxidation\Reduction Potential 

Direct Reading Meter 

F 

Dissolved Oxygen 

Direct Reading Meter 

F 

Conductivity 

Direct Reading Meter 

F 

Temperature 

Direct Reading Meter 

F 

pH 

Direct Reading Meter 

F 

Ferrous Iron 

Colorimetric, Hach Method 8146 or equivalent 

F 

Carbon Dioxide 

Titrimetric, Hach Method 1436-01 or equivalent 

F 

Manganese 

Colorimetric, HACH Method 8034, or equivalent 

F 

Sulfide 

Colorimetric, Hach Method 8131 or equivalent 

F 

Alkalinity (Carbonate [C0 3 2 '] 
and Bicarbonate [HC0 3 "]) 

Titrimetric, Hach Method 8221 or equivalent 

F 

Nitrate + Nitrite 

Lachat FIA Mehod 10-107-04-2-A 

L 

Ammonia 

Lachat FIA Mehod 10-107-06-1 

L 

Chloride 

Waters Capillary Electrophoresis Method N-601 

L 

Sulfate 

Waters Capillary Electrophoresis Method N-601 

L 

Methane, Ethane and Ethene 

RSKSOP-HS^and RSKSOP-194 

L 

Total Organic Carbon 

RSKSOP-102 

L 

BTEX b/ , TMBs 07 , and MTBE d/ 

RSKSOP-122 

L 


RSKSOP = Robert S. Kerr Laboratory (now known as NRMRL) standard operating procedure. 
BTEX = benzene, toluene, ethylbenzene, and xylenes. 

° TMBs = trimethylbenzenes. 


MTBE = methyl tertiary-butyl ether. 


022/729691 /PATRICK/2.xls Table IB 
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TABLE 2 

MONITORING POINT CONSTRUCTION SUMMARY* 7 
INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 

SITE ST-29 

PATRICK AFB, FLORIDA 
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TABLE 3 

GROUNDWATER ELEVATION DATA 
INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 

SITE ST-29 

PATRICK AFB, FLORIDA 


Sample 

Location 

Datum d 

Elevation 
(ft amsl) b/ 

Sample 

Date 

Depth 

to Water 
(ft btoc) 07 

Groundwater 

Elevation 
(ft amsl) 

CPT-02S 

6.61 

3/27/1994 

4.93 

1.68 



1/30/1996 

4.48 

2.13 

CPT-03S 

6.26 

3/27/1994 

4.57 

1.69 



1/30/1996 

4.11 

2.15 

CPT-03D 

6.23 

3/27/1994 

4.59 

1.64 



1/30/1996 

4.16 


CPT-04S 

5.99 

3/27/1994 

4.46 

1.53 



1/30/1996 


1.93 

CPT-04D 

6.01 

3/27/1994 

4.46 

1.55 



1/30/1996 

4.11 


CPT-09S 

6.13 

3/27/1994 

4.35 

1.78 4 ' 



1/30/1996 

4.00 

2.13 

CPT-12S 

5.90 

3/27/1994 

4.40 

1.50 



1/30/1996 

4.06 

1.84 

CPT-16DD 

NA* 7 

1/30/1996 

3.86 

NA 

CPT-18S 

6.11 

3/27/1994 

4.69 

1.42 



1/30/1996 

4.38 


CPT-18DD 

NA 

1/30/1996 

4.55 

NA 

CPT-22S 

6.35 

3/27/1994 

4.50 

1.85 

CPT-22D 

6.32 

3/27/1994 

4.49 

1.83 

CPT-23S 

5.94 

3/27/1994 

4.30 

1.64 

CPT-23D 

5.84 

3/27/1994 

4.20 

1.64 

CPT-24S 

5.49 

3/27/1994 

4.52 

0.97 

CPT-24D 

5.44 

3/27/1994 

4.46 

0.98 

CPT-25S 

6.43 

3/27/1994 

5.66 

0.77 

CPT-25D 

6.49 

3/27/1994 

5.72 

0.77 

CPT-26S 

5.89 

3/27/1994 

4.25 

l.64 d/ 

CPT-26D 

5.79 

3/27/1994 

4.13 

1.66 

MW-1/PPOL2-1 

7.47 

3/25/1994 

5.33 

2.14 

MW-6/PPOL2-6 

.6.64 

3/25/1994 

4.93 

1.71 

MW-11/PB5 

10.86 

3/23/1994 

8.75 

2.11 

PPOL2-5 

7.48 

3/25/1994 

5.36 

2.12 


d Datum is top of well casing. 

b/ ft amsl ~ feet above mean sea level. 

d ft btoc = feet below top of casing. 

^ Data are suspect and not used for contouring groundwater elevations. 
c/ NA = not available. 
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TABLE 4 

FUEL HYDROCARBON COMPOUNDS DETECTED IN GROUNDWATER 
INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 
SITE ST-29 

PATRICK AFB, FLORIDA 
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TABLE 4 (Concluded) 

FUEL HYDROCARBON COMPOUNDS DETECTED IN GROUNDWATER 
INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 
SITE ST-29 
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Plume shrinkage provides strong evidence supporting the occurrence of 
biodegradation, particularly along the perimeter of the plume. 

The cross-sectional representations of the total BTEX plume in Figure 4 show the 
changes m vertical and horizontal distribution of the plume along the primary flow path 
between 1994 and 1998. Due to the limited data available for January 1996, no contour 
lines are presented for this date. The total BTEX concentration at CPT-04D has 
increased from 1.2 pg/L in 1994 to 1,180 pg/L in 1998, indicating downgradient 
migration of the plume core (Figure 4). The plume core appears to travel beneath 
monitoring points CPT-09D and CPT-14D before migrating upward toward CPT-04D. 

The vertical extent of the March 1998 BTEX plume is defined near the source area by 
the well screen intervals of monitoring cluster CPT-03. Groundwater sampled from CPT- 

° 3 ?" eCr ff, d J n BTEX concentration from 68.3 pg/L to 1.5 pg/L between March 1995 
and March 1998. The vertical extent of the BTEX plume appears to be decreasing in the 

fnn/ ^f 1 ' 03 ’ a l thoUgh monitoring Points at CPT-03 were not sampled during January 
1996. The vertical extent of the BTEX plume in the downgradient direction is indicated 
by the momtonng point cluster at CPT-18. While low concentrations (less than or equal 

°f 0 ETEX have been detected in CPT-18DD, BTEX concentrations at CPT- 
18S and CPT-18D were not detected in 1998. 


Figure 5 is a plot of temporal changes in dissolved BTEX concentrations in 
points sampled along the approximate longitudinal centerline of the dissolved 
S 5 rilustrates that dissolved BTEX concentrations have increased 

no 9 * 9 / t0 , 1 ?HL a i 0 l n8 the center lme of the Plume at monitoring points CPT-03 S, 
CPT-03M, and CPT-04D. In March 1998, the highest dissolved BTEX concentration 
detected was in monitoring point CPT-03S at a concentration of 22,400 ug/L (Table 41 
Monitoring Poim CPT-03 S is located approximately 100 feet downgradient from the UST 
area at Site ST-29 (Figure 3). The dissolved BTEX concentration detected at well CPT- 
Uit> in March 1998 represents an increase from March 1994 and March 1995 when 
concentrations of 7,300 pg/L and 14,100 pg/L, respectively, were detected. 

Dissolved BTEX concentrations near the source area are increasing, indicating that 
residual fuel hydrocarbons still exist in source area soils. Residual soil contamination 
may persist within the capillary fringe or saturated smear zone, which is unaffected by 
bio venting. The increase in average groundwater elevation of 0.4 foot from March 1994 
to January 1996 (Section 2.1) would increase the volume of saturated soil in the source 
are a decrease the volume of unsaturated soil subject to the effects of bioventing, and 
result in increased dissolution of BTEX into the groundwater. 

In the downgradient direction there has been a notable increase in total BTEX at 

oL PO oo? PT ‘,°1?n BTEX at CPT - 04D increased from low levels (less than 5 p 
T ’ a " d 1996 f° l’ 180 pg/L in March 1998. Although the overall extent 
ot the B1EX plume has not increased since 1994, concentrations of BTEX within the 

plume have increased. This increase in concentrations could potentially result in future 
expansion of the plume. 
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r BTEX concentrations below the quantitation limit. 




















Two groundwater model simulations were completed using the Bioplume II modeling 
code during the TS (Parsons ES, 1995). A conservative model that did not consider 
reductions in the source concentrations (worst-case scenario), predicted that the BTEX 
plume would stabilize approximately 30 years after 1994 (2024) with the leading edge 
approximately 1,400 feet beyond the source area (or approximately 700 to 800 feet 
beyond the toe of the 1994 BTEX plume). 

The second model simulation assumed that BTEX loading rates were significantly 
reduced by bioventing over a three year period. This model was used to simulate the 
expected reduction due to operation of the full-scale bioventing system installed at the 
site in June 1995. Model results, as described in the TS report, indicate that after 3 years 
of bioventing, the plume front would only migrate about 100 feet downgradient from the 
1994 plume extent. After 5 years of bioventing, the model predicts that the plume front 
would retreat to the 1994 plume extent. Model results indicate that the BTEX plume 
would be completely degraded seven years after bioventing begins. 

Actual monitoring results indicate that the models underestimated the maximum 
concentration of dissolved BTEX that would be present in the plume over time, but that 
the downgradient extent of the plume is conservatively overestimated by both models 
(especially the no-source-reduction model). While the extent of the BTEX plume has not 
increased, the bioventing system does not appear to have a significant impact on total 
dissolved BTEX concentrations. While bioventing is effective in reducing soil BTEX 
concentrations in the vadose zone, the lack of an impact on dissolved BTEX 
concentrations suggests that a residual source of BTEX (i.e., a smear zone) persists, most 
likely within the capillary fringe or saturated zone. 

2.3 MTBE 

All groundwater samples collected in January 1996 and March 1998 were analyzed for 
MTBE (Figure 4). MTBE is a fuel oxygenate used to enhance fuel octane rating and to 
reduce emissions. The maximum MTBE concentration detected was at monitoring point 
(514 pg/L) in January 1996. Monitoring point CPT-02S was not sampled in 
1998. With the exception of CPT-09S, MTBE concentrations decreased at monitoring 
points sampled in both 1996 and 1998. For example, MTBE concentrations at sampling 
location CPT-09D decreased from 353 pg/L in January 1996 to 31.1 pg/L in March 1998. 
Likewise, MTBE concentrations at CPT-12D decreased from 348 pg/L in January 1996 
to 68.4 pg/L in 1998. The decrease in MTBE concentrations may indicate that MTBE is 
naturally attenuating at the site. Conversely, because MTBE is often recalcitrant, the 
observed concentration decreases may indicate that the contaminant source is being 
preferentially depleted of MTBE due to its high solubility. 

2.4 Chlorinated Volatile Organic Compounds 

All groundwater samples collected in January 1996 were analyzed for CVOCs. In no 
instances were any CVOCs detected in the thirteen samples collected during this 

sampling event (Appendix A). Samples collected during the March 1998 sampling event 
were not analyzed for CVOCs. 
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2.5 Inorganic Chemistry and Geochemical Indicators of Biodegradation 

As discussed in the TS, microorganisms obtain energy for cell production and 
maintenance by facilitating thermodynamically advantageous oxidation/reduction 
reactions involving the transfer of electrons from electron donors to available electron 
acceptors. This results in the oxidation of the electron donor and the reduction of the 
electron acceptor. Electron donors at Site ST-29 are natural organic carbon and fuel 
hydrocarbon compounds. Fuel hydrocarbons are completely degraded or detoxified if 
they are utilized as the primary electron donor for microbial metabolism (Bouwer, 1992). 
Electron acceptors are elements or compounds that occur in relatively oxidized states and 
include oxygen, nitrate, manganese, ferrous iron, sulfate, and carbon dioxide. 
Microorganisms preferentially utilize electron acceptors while metabolizing fuel 
hydrocarbons (Bouwer, 1992). DO is utilized first as the prime electron acceptor. After 
the DO is consumed, anaerobic microorganisms use electron acceptors in the following 
order of preference: nitrate, manganese, ferric iron, sulfate, and finally carbon dioxide. 
Anaerobic destruction of the BTEX compounds is associated with the accumulation of 
fatty acids, production of methane, solubilization of iron, and reduction of nitrate and 
sulfate (Cozzarelli et al., 1990; Wilson et al., 1990). 

Oxidation-Reduction Potential 

ORP, a measure of the relative tendency of a solution to accept or transfer electrons, 
was measured at 13 monitoring locations during the January 1996 sampling event and at 
12 locations during the March 1998 sampling event. The dominant electron acceptor 
being reduced by microbes during BTEX oxidation can be correlated to the ORP of the 
groundwater. Site ORPs from 1994 to 1998 are summarized on Table 5. In January 
1996, the ORP measured at Site ST-29 ranged from -154 millivolts (mV) at CPT-03M, 
to -45 mV at CPT-16DD. In general, the ORPs measured in March 1998 were lower 
than in previous sampling periods, ranging from -313 mV (CPT-03S) to -110 mV (CPT- 
18D). ORP data suggest that dissolved BTEX at the site may be subjected to a variety of 
biodegradation processes, including aerobic respiration, denitrification, iron reduction, 
and sulfate reduction. However, many authors have noted that field ORP data alone 
cannot be used to reliably predict the electron acceptors that may be operating at a site, 
because the platinum electrode probes are not sensitive to some ORP couples (e.g., 
sulfate/sulfide) (Stumm and Morgan, 1981; Godsey, 1994; Lovley et al., 1994). 

The areal distributions of ORP at the site in 1994, 1995, 1996, and 1998 are presented 
on Figure 6. Comparison of Figure 3 with Figure 6 illustrates that areas with elevated 
total BTEX concentrations have lower ORP, with the lowest ORP values occurring in the 
core of the plume. The correlation between decreased ORP and elevated BTEX 
concentrations is a strong indication that biodegradation of the BTEX compounds is 
occurring. 

Temporal changes in ORP at several monitoring locations from March 1994 to March 
1998 are plotted on Figure 7. The monitoring locations plotted on Figure 7 are located 
along the approximate longitudinal centerline of the dissolved BTEX plume. In general, 
ORP decreased from March 1994 to March 1995, increased from March 1995 to January 
1996, and then decreased again from January 1996 to March 1998. Comparison of Figure 
5 and Figure 7 show that changes in ORP measured at monitoring locations are generally 
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GROUNDWATER GEOCHEMICAL DATA 
INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 
SITE ST-29 
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INTRINSIC REMEDIATION TREATABILITY STUDY ADDENDUM 
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inversely correlated to changes in BTEX concentration over the same time period (i.e., 
increases in ORP correspond to decreases in BTEX concentration, and vice versa). While 
the measurement of ORP in the field is sensitive to sampling protocol and equipment, an 
increase in ORP could be interpreted to be a result of decreased microbial activity due to 
decreasing dissolved BTEX concentrations, and vice-versa. 

Dissolved Oxygen 

DO data collected at the site from 1994 to 1998 are summarized in Table 5. The areal 
distributions of DO at the site in 1994, 1995, 1996, and 1998 are presented on Figure 8, 
and the vertical distributions of DO within the plume core in 1994,1995,1996, and 1998 
are plotted on Figure 9. DO concentrations range from less than 0.1 milligram per liter 
(mg/L) within the core of the BTEX plume to as high as 3.7 mg/L (CPT-25S in March 
1994) outside of the BTEX plume. Comparison of Figures 3 and 4 with Figures 8 and 9 
shows graphically that areas with elevated total BTEX concentrations have decreased DO 
concentrations. The correlation between depleted DO and elevated BTEX concentrations 
is a strong indication that aerobic biodegradation of the BTEX compounds has occurred 
at the site. The greatest aerobic activity is expected to occur at the upgradient perimeter 
of the source area and along the fringes of the plume, because these are areas where 
BTEX-contaminated groundwater interacts with groundwater containing measurable 
concentrations of DO. 

Nitrate+Nitrite 

After DO has been depleted in a microbiological treatment zone, nitrate may be used 
as an electron acceptor for anaerobic biodegradation of organic carbon via denitrification. 
Nitrate concentrations below background in areas with high organic carbon and low DO 
concentrations are indicative of denitrification. Nitrate plus nitrite (as nitrogen) data 
collected from monitoring locations at the site from 1994 to 1998 are summarized in 
Table 5. All nitrate concentrations in January 1996 were less than the detection limit of 
0.05 mg/L. In March 1994, the highest nitrate+nitrite concentrations were detected 
within the BTEX plume. In contrast, the lowest concentrations of nitrate+nitrite detected 
in March 1995 and March 1998 were detected within the BTEX plume, suggesting that 
some BTEX degradation via denitrification was occurring. In any event, the overall lack 
of nitrate in groundwater at Site ST-29 indicates that denitrification is not contributing 
significantly to BTEX attenuation. 

Manganese 

Manganese data collected at the site from 1995 and 1998 are summarized in Table 5. 
Groundwater samples collected at the site during the March 1994 and January 1996 
sampling events were not analyzed for manganese. A correlation between depleted 
manganese and elevated BTEX concentrations is an indication of the biodegradation of 
BTEX compounds by the process of manganese reduction. However, all manganese 
concentrations detected in samples from monitoring wells at Site ST-29 were 0.1 mg/L or 
less. Therefore, the lack of manganese in groundwater at Site ST-29 indicates that 
manganese reduction is not contributing significantly to BTEX attenuation. 
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CPT-4S Monitoring Location Screen and 
1.53 Dissolved Oxygen Concentration 
(milligrams per liter) 

















Ferrous Iron 


Dissolved ferrous iron (Fe +2 ) is the reduced form of iron and is a byproduct of the 
oxidation of organic carbon (e.g., BTEX) via ferric iron (Fe +3 ) reduction. Ferrous iron 
data collected at the site from 1994 to 1998 are summarized in Table 5. The areal 
distributions of ferrous iron at the site in 1994, 1995, 1996, and 1998 are presented on 
Figure 10. Comparison of Figure 3 with Figure 10 shows that areas with elevated total 
BTEX concentrations have elevated ferrous iron concentrations, with the highest ferrous 
iron concentrations occurring in the core of the dissolved BTEX plume, particularly in 
and around the source area. The continuing correlation between elevated ferrous iron and 
elevated BTEX concentrations is a strong indication that anaerobic biodegradation of the 
BTEX compounds has occurred over time at the site. However, ferrous iron 
concentrations in March 1998 were relatively low, suggesting that the process was less 
prominent at that time. The data are insufficient to ascertain whether this is a continuing 
trend. 

The greatest anaerobic activity is expected to occur within the core of the plume, 
because this is the area where BTEX-contaminated groundwater is likely to be depleted 
of DO. Several sources suggest that the reduction of ferric iron to ferrous iron cannot 
proceed without microbial mediation (Lovley and Phillips, 1988; Lovley et al., 1991; 
Chapelle, 1993); therefore, the presence of ferrous iron in the plume core strongly 
suggests that ferric iron is being used as an electron acceptor at the site during 
biodegradation of BTEX compounds. 

Sulfate 

Sulfate may also be used as an electron acceptor during microbial degradation of 
natural or anthropogenic organic carbon under anaerobic conditions (Grbic-Galic, 1990). 
This ORP reaction is commonly called sulfate reduction, which results in a decrease in 
groundwater sulfate concentrations. Sulfate concentration data measured at the site 
between 1994 and 1998 are summarized in Table 5. The TS report (Parsons ES, 1995) 
concluded that sulfate concentrations did not exhibit an inverse relationship with BTEX 
concentrations, and that sulfate concentrations were elevated in areas containing elevated 
BTEX concentrations. These conclusions are generally supported by the more recent 
sampling data collected in 1995,1996, and 1998. Sulfate concentrations in contaminated 
areas are generally similar to or higher than sulfate concentrations detected in upgradient 
and cross-gradient areas in 1994. For example, the sulfate concentrations at CPT-03S in 
March 1998 (12.6 mg/L) was higher than the concentration at CPT-03D (5.53 mg/L), 
despite the fact that the dissolved BTEX concentrations in CPT-03S and -03 D were 
22,400 pg/L and 1.5 pg/L, respectively. Similarly, the March 1998 sulfate concentration 
at CPT-04D (12.7 mg/L) (BTEX = 1,180 pg/L) was higher than at CPT-04S (6.2 mg/L) 
(BTEX = 9.1 pg/L). The background sulfate concentration in March 1994 was generally 
less than 5 mg/L. 

The sulfate data do suggest that sulfate reduction may be occurring in very localized 
areas. For example, the January 1996 sulfate concentration at CPT-02S (BTEX =139 
pg/L) was less than 0.5 mg/L. 
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Methane 


The presence of methane in BTEX-contaminated groundwater indicates that anaerobic 
biodegradation of BTEX is occurring via the microbially mediated process of 
methanogenesis (carbon dioxide reduction). Methane data collected at the site between 
1994 and 1998 are summarized in Table 5. The areal distributions of methane at the site 
in March 1994, March 1995, and March 1998 are presented on Figure 11. Groundwater 
samples were not analyzed for methane during 1996. Comparison of Figure 3 with 
Figure 11 shows graphically that areas with elevated total BTEX concentrations have 
elevated methane concentrations, with the highest methane concentrations occurring in 
the core of the dissolved BTEX plume immediately downgradient from the USTs. The 
continued correlation between elevated methane and elevated BTEX concentrations is a 
strong indication that anaerobic biodegradation of the BTEX compounds continues to 
occur at the site. The greatest methanogenic activity is expected to occur within the core 
of the plume, because this is the area where BTEX-contaminated groundwater is more 
likely to be depleted of DO and other electron acceptors (e.g., ferric iron and sulfate). 
Comparison of methane concentrations over time at five sampling locations that were 
sampled in 1994, 1995, and 1998 (CPT-03S, CPT-09D, CPT18D, CPT-04S, CPT-04D) 
indicate that concentrations have been stable to increasing, indicating that the occurrence 
of methanogenesis has not diminished over time. 

Alkalinity 

Alkalinity is a measure of the ability of groundwater to buffer changes in pH caused 
by the addition of biologically generated acids. Total alkalinity (measured as calcium 
carbonate [CaC0 3 ]) of groundwater samples collected at the site from 1994 to 1998 is 
summarized in Table 5. Groundwater contaminated by fuel hydrocarbons often exhibits 
total alkalinity that is higher than that of groundwater in background areas. An increase 
in alkalinity relative to background concentrations suggests that additional buffering 
capacity was generated to address acids produced during biodegradation of BTEX. 
Increases in alkalinity above background concentrations can be observed at Site ST-29. 
Alkalinities generally are below 300 mg/L in areas with low or non-detectable 
concentrations of dissolved BTEX, while more highly contaminated areas generally have 
alkalinity greater than 300 mg/L. The highest concentration of alkalinity detected at Site 
ST-29 was 920 mg/L at CPT-03S (March 1995). CPT-03S is located approximately 100 
ft downgradient from the suspected source area, and has been the most contaminated well 
at the site. Groundwater from this monitoring point also had the highest alkalinity 
measured during the 1994 and 1996 sampling events. The data indicate that the alkalinity 
is sufficient to continue buffering the groundwater pH against the effects of biologically 
mediated BTEX oxidation reactions. 

3.0 CONCLUSIONS 

Results from groundwater monitoring conducted during January 1996 and March 1998 
indicate that natural attenuation of BTEX continues at Site ST-29. The areal extent of the 
BTEX plume migration does not appear to have increased since 1994; rather, the plume 
extent appears to be stable or diminishing slightly. The distribution of electron 
acceptors/metabolic byproducts that are involved in biologically mediated redox reactions 
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indicate that microbially-mediated redox reactions are continuing to occur within the 
BTEX plume. Data suggest that degradation of dissolved BTEX at the site is occurring 
via the biodegradation processes of aerobic respiration, methanogenesis, and to a lesser 
extent, iron reduction. Sulfate reduction also appears to be occurring, but only in very 
localized portions of the plume. 

Monitoring results indicate that the Bioplume II models presented in the TS report 
(Parsons ES, 1995) underestimated the maximum concentration of dissolved BTEX that 
would be present in the plume over time, but that the downgradient extent of the plume is 
conservatively overestimated by both models. While the extent of the BTEX plume has 
not increased, the bioventing system does not appear to have had a significant impact on 
total dissolved BTEX concentrations. Although bioventing is effective in reducing soil 
BTEX concentrations in the vadose zone, the continued presence of elevated dissolved 
BTEX concentrations suggests that a residual source of BTEX persists within the 
capillary fringe or saturated zone (i.e., a smear zone). An increase in the average 
groundwater elevation of 0.4 foot from March 1994 to January 1996 further has increased 
the volume of saturated soil in the source area, decreased the volume of unsaturated soil 
subject to the effects of bioventing, and enhanced the dissolution of BTEX into the 
groundwater. 

LTM should be continued to confirm stabilization of the dissolved BTEX plume and 
to document the continuing occurrence of microbially mediated biodegradation. LTM 
also is required to assess the effect of increasing dissolved BTEX concentrations with 
time along the center line of the plume (monitoring points CPT-03S, CPT-03M, and 
CPT-04D) on plume stability. If more rapid remediation is required, the engineering 
remediation of contaminated soils below the average water table (e.g., via biosparging) is 
recommended. 
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Ref: 96\LB16 
February 9, 1996 


DrDon Kampbell 

National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.0. Box 1198 
Ada, OK 74820 

THRU: S.A. Vandegrift 

Dear Don: 

Please find attached the analytical results for Service 
Request SF-2-186 requesting the analysis of Patrick AFB groundwater 
samples to be analyzed by purge-and-trap/GC-FID:PID for Benzene. 
Toluene, Ethylbenzene, p-, m-, & o-Xylene, 1,3,5-, 1,2,4-, & 1,2,3- 
Trimethylbenzene, and Total. Fuel Carbon. We obtained your 10 
groundwater samples in .duplicate, in capped, 40 mL VOA autosampler 
vials on February 5, 199.6-,. -and they were analyzed on February 7-8, 
1996. Samples were stored at 4°C until analyzed. All samples-'were 
• acquired and processed using the Millennium data system. A 5 place 
(1-500 ppb) external standard curve was used to quantitate/'the 
samples for the compounds of interest. 


RSKSOP-133, "Simultaneous Analysis of Aromatics and Total Fuel 
Carbon by Dual Column-Dual Detector for Ground Water Samples” was 
used for these analyses. Autosampling was performed using a 
Dynatech Precision autosampler system in line with a Tekmar LSC 

2000 concentrator. 


Sincerely, 



Lisa R. Black 


xc: R. L. Cosby 

G.B. Smith 
J.T. Wilson 
J.L. Seeley 
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ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research laboratory, P.0. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189 405-436-8660 FAX 405^36-8501 







DP-PT/GC-FID:PID Analyses for Dr. Kampbell Unils " ng/mL Analyst. L. Black 









































SR# SF-2-186 
MOO 1 

ANALYSIS PERFORMED 2-8-96 


SAMPLE 

METHANE 

ETHYLENE 

ETHANE 

LAB BLANK 

BLQ 

ND 

ND 

EPA-83-1 

9.48 

ND 

ND 

EPA-83-2 

16.19 

ND 

BLQ 

EPA-83-3 

3.75 

ND 

BLQ 

EPA-83-4 

11.68 

ND 

BLQ 

"LABDUP . 

10.71 

ND 

ND 

EPA-83-7 

7.50 

ND 

ND 

" FIELD DUP 

7.38 

ND 

ND 

10 PPM CH4 

10.00 

NA 

NA 

100 PPM CH4 

100.11 

NA 

NA 

1000 PPM CH4 

999.93 

NA 

NA 

1 % CH4 

1.02 

NA 

NA 

10% CH4 

10.00 

NA 

NA 

20% CH4 

20.28 

NA 

NA 

10 PPM C2H4 

NA 

10.21 

NA 

100 PPM C2H4 

NA 

99.98 

NA 

10 PPM C2H6 

NA 

NA 

10.24 

100 PPMC2H6 

NA 

NA 

99.98 

LIMITS OF QUANTITATION. 




METHANE 

ETHYLENE, 

' ETHANE 


0.001 

0.003 

• 0.002 


SAMPLE UNITS ARE mg/L. 
STANDARDS UNITS CORRESPOND 
TO THE SAMPLE COLUMN. 


BLQ DENOTES BELOW LIMIT OF QUANTITATION- 
ND DENOTES NONE DETECTED. 

NA DENOTES NOT ANALYZED. 


f 
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Sample 

Conductiarity 

mg/l.jaQyNQ-.jlHl 


CPT-3D 

693 

<.05 

•16.5 

CPT-3D Dup 

692 

— 


CPT-3I 

695 

in 

o 

• 

V 

‘ 15.7 

CPT-3S 

1675 

<.05 

10.0 

CPT-2S 

928 

<.05 

<.5 

CPT-86-4D 

660 

<.05 

21.5 

CPT-86-4D Dup 

— 

— 

21.9 

CPT-86-4S 

482 

<.05 

4.26 

CPT-86-9M 

990 

<.05 

1.71 

CPT-86-9M Dup 

990 

— 

— 

CPT-86-9S 

378 

<.05 

1.45 

CPT-86-12M 

988 

<.05 

2.85 

CPT-86-12S 

465 

<.05 

<.5 

CPT-86-12S Dup 

— 

<.05 

— 

CPT-86-16DD 

28,600 

<.05 

278 

CPT-86-18DD 

26,200 

<.05 

245 

CPT-86-18S 

633 

<.05 

43.3 

Blank 

_ _ 

<.05 

<. 5 

AQC 

— — — . ^ 

5.96 

54.2 

AQC T.V. 

— 

6.00 

52.0 

Spike Rec. 

---T 

97% 

105% 



MA/mi 

TECHm 


• 7i / JUT it ns sms 

I mm 4 mm mm mmrn 



Ref: 96/JAD20 


May 13, 1996 


Dr. Don Kampbell 

National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 


THRU: S.A. Vandegrift^V 


Dear Don: 



As reguested in Service Reguest f SF—2—186, headspace GC/MS 
analysis of 13 Patrick AFB water samples for Clorinated volatile 
organics, MTBE and 1,2 — Dibromoethane was completed. The samples 
were received on February 5, 1996 and analyzed on March 19, 1996. 
RSKSOP-148 (Determination of Volatile Organic Compounds in Water by 
Automated Headspace Gas Chromatography/Mass Spectrometry (Saturn XX 
Ion Trap Detector) was used for this analysis. 


An internal standard calibration method was established for 
the 12. compounds. The standard curves were prepared frpm 1.0 to 
200 ppb. The lower calibration limits were 1.0 ppb. 

The method detection limit (MDL) for 1 , 2 -Dibromoethane for 
these analyses was determined, according to RSKSOP-148, to be 0.09 
ppb. 


. a dilution corrected guantitation report for the samples, lab 
duplicates,, field duplicates, QC standards and lab blanks- is 
presented in table 1-2. • 


If you should have any guestions, please feel free to contact 

me. 



R.L. Cosby 
G.B. Smith 
D.D. Fine . 
,J.L. Seeley 
1 J.T. Wilson & 


11_*T*_L. J I **t D&OMM.L IW* rnmvAmfinn 


RS. Kerr Environmental Research laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189 405-436-8&0 FAX 405-436-8501 




Table 1. Quantitation Report for S.R.# SF-2-186 from Patrick AFB 
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KAMPBELL--PATRICK —SF-2 -186 


SAMPLE MG/L TOC 

CPT-2S 14.9 

’CPT-3D REP 2 9 1 

CPT-3I 10.4 

CPT-3S REP 1 119 

CPT-3S REP 1 DUP 119 
CPT-3S REP 2 141 

CPT-86-4D 4.9 

'-PT-86-4S 4.2 

CPT-86-9M 26.7 

CPT-86-9S 1.5 

CPT-86-12M 14 8 

CPT-86-12S 1 7 

CPT-86-16D 4*2 

CPT-86-18DD 5.3 

CPT-86-18S 3*3 

WP034-II 6 1 


‘.’'P034-II t ,v.=6.30 







ZZZ&&; -S.6-DF10 


•.**•. <*'■■•.« »iV* f»*V.. i. • I ;*• * ; -• .••. /-*. • rr-** \ \ • ••**--*_ .'...• . ’ •’, 

Don ^beii ® ..■ 

'•‘•' v 2SV- Risk Management Research -Laboratory •- ••• 

^ ? S Protect i°n ^ Remediation Division '" 
.-Environmental Protection Agenby % £&r««M»r. 

■ •• f:°- Box-H98 • .-.::v ;? . ,-• . 

Ada, OK -74820 • -. .. - .. ' "V-£:. : 


• P* O. Box '1198 . - v 

Ada, OK 74820 4 ; :?&..... \ 

THRU: S.A. Vandegrift ^ 
.. Dear Don: •••' . . 




.. .v - /«■ •■ ~ * • # . . r i... . 

re< I tles ted in Service Request SF- 2-186 •'gc/m c ! anaivc^e -p„ 

•• vell°sitts d ^CPT-BG-SS and” 3 3D C 1? ?*?• ?° ne ° U Water sam P les from 

• analvz^d 1 ^ ^ ^ ^1995.^^he^xtract^as 

- . .Se ^ d a Sion C/M ? *??* *?' 1996 * RSKiRL sop 177 w a TSel for 
; ctlon / denvatization and GC/MS analysis of the samples. 

1 P rov ides the concentrations of -the phenols and 

.." deJivat^^^ ^ fOUnd in ««* Patrick AFB l^pies. a 

blank are also in^d^d 1 ^^ 1 * f"* 3 Ppb spiJced extraction 
found at the h 3/4 “ ^ J, 5 -dimethyl benzoic acid were 
jf, , tlie highest concentration at 670 -and" 262• nnh 

?oXf tf ^ He “ yben2 / lc “ids- dimethylphenols aSfcresols S£i 

SS a-StS^xSoic^l^ ^“ tlfie d in Table I. Please n“e 
blanks »+- y^nexanoic acid .was present in one of the extraction 
. lanJcs at levels higher than found in the samples. ex ^action 

•. compoSd^found 1 ^®^ 03 ^ 0 ^ 6 ^^” 3 of " t S' jPFB derivative of 
. ••Uoted in ?Sle ? CPT- 86 - 3 S. Each of the peaks 

'•v-* chromatodramc ^ 1 f re la ^ elled 'in the chromatogram. Other 

"-:aSpSat?rac?ds . nS char “ teris tio of c,, C^C,, and c* 


«v*. 


:contact'me”. yOU ^ ShOUld have “V motions, please feel free to 


sllAJL 


J^sebley ^-*-£ enn ^ D ' 
smith, *’ 

' 4 : v ; • R. Cosby ‘ ~ r rr ?i -•;??.•••* v,~. r-f 

£ - Fine 

..J, ..-r*. J'v'i.- .. .. V t j.r* , .';f ..**?-• » ■jKf. 4 • •• \V... . 

r*’^“V.*.**• ~- -.-. 1 - r7 -*', "■ ‘ - . - ■ * * V:. j ^ ^ - 


*. Vi: -. -.— x.w. 0011 iyo, Kescard! Unvc . 

ST-’T:-’:’ • . Ada,Okfahoaa74821-1189 . 405-oS^60 r BUC405^8501 ‘ • 



























and ArcwnaUo 


I tE 1 propanoicAC io -“- 

2 2—METHYLPROPANOICACJO - PFB 

3 - Tm<g ' m ^ ACCTC AC1Q - pen 
4 8l/muCACIO - PPB " “ --- 

I 5 2 ~ u ^TKrlBUTYFUCACaD - ppg 
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Ref: 98-MB20 

March 20, 1998 


Dr. Don Kampbell 

National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 


THRU: 


Steve Vandegrift 



Dear Don: 


Please find attached the analytical results for Service 
Request SF-4-312 requesting the analysis of aqueous samples from 
Patrick AFB, FL to be analyzed for MTBE, BTEXXX and TMBs. The 14 
samples were received in capped, 40 mL VOA vials on March 17, 1998. 
The samples were analyzed on March 18 and 19, 1998. All samples 
were acquired using the Millennium data system. A 6 point (1-1200 
ppb) external calibration curve was used to determine the 
concentration for all compounds. 


RSKSOP-122 "Analysis of Volatile Aromatic Hydrocarbons'with 
Separation of Xylene Isomers by Purge & Trap Gas Chromatography" 
was used for these analyses. Auto-sampling was performed using a 
Dynatech Precision autosampler system in line with a Tekmat LSC 
2000 concentrator. 


Sincerely, 

Mark Blankenship 


xc: R.L. Cosby 

J.L. Seeley YL 
G.B. Smith Y 


ManTech Environmental Research Services Corporation 


R.S. Kerr Environmental Research Laboratory, P.O. Box 1198, 919 Research Drive 
Ada, Oklahoma 74821-1189 405^36-8660 FAX 405-436-8501 




Units = ng/hnl Analyst M. Blankenship 
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March 31, 1998 

Dr. Don Kampbell ' 

National Risk Management Research Laboratory 
Subsurface Protection & Remediation Division 
U.S. Environmental Protection Agency 
P.O.Box 1198 
Ada, OK 74821-1198 

THRU: S.A. Vandegrift^' 

Dear Don: 

Attached are the results of 14 field samples from Patrick AFB submitted to MERSC as part of 
S.R. #SF-4-312. The samples were received 3/18/98 and analyzed 3/19/98. The methods used 
for analysis were Lachat FIA methods 10-107-06-1-A for NH 3 , 10-107-04-2-A for N0 2 + N0 3 , 
and Waters capillary electrophoresis method N-601 for Cl and SO*. 

Quality assurance measures performed on this set of samples included spikes, duplicates, 
known AQC samples, and blanks. 


If you have any questions concerning these results, please feel free to contact us. 




AT 


Brad Scroggins 


xc: R.L. Cosby 
J.L. Seeley 
G.B. Smith v 


ManTech Environmental Research Services Corporation 


R.S. Kerr Environmental Research Laboratory, p - 0 . Box 919 Researc h Dnve 
Ada, Oklahoma 74821-1189 405-436-8660- FAX 405-436-8501 




PATRICK AFB 



mg/L 

mg/L 

mg/L 

mg/L 

Sample 

cr 

so ,- 2 

NO-.+NO/CNI 


CPT-4D 

17.0 

12.7 

<1 

2.11 

CPT-45 

15.4 

6.21 

<1 

2.00 

CPT-86-3S 

64.5 

12.6 

.25 

1.29 

CPT-86-3M 

40.9 

46.4 

<1 

3.91 

CPT-86-3D 

33.9 

5.53 

<1 

1.36 

CPT-18S 

10.3 

10.8 

<1 

.47 

CPT-18M 

20.4 

2.05 

(<•!)(<• 1) 

(1.38)(1.42) 

CPT-18D 

8900 

1040 

<.l 

16.8 

CPT-86-16DD 

10,000 

1020 

<1 

17.0 

MW-9 

2.68 

4.00 

<1 

<1 

CPT-9S 

7.64 

7.88 

<1 

1.09 

CPT-9D 

38.7 

3.69 

<1 

2.32 

CPT-12S 

NS 

NS 

NS 

NS 

CPT-12D 

47.2 

7.70 

<1 

2.13 

BLANK 

<.05 

, ’ <05 

<.l 

<1 

AQC ‘ 

34.7 

45.0 

.60 

.26 

TRUE VALUE 

34.8 

44.0 

.62 

.26 

-SPIKE REC. 

103% 

104% 

104% 

101% 


NS= NO SAMPLE 












SF-4-312 03/17/98 
Patrick AFB 


Sample 

Methane 

Ethylene 

Ethane 

10Oppm CH4 

92.2 

++ 


lOOppm C2H4 

it* 

105.1 

** 

lOOppm C2H6 

** 

+* 

110.9 

HPHe 

*-* 

it* 

? 

** 

Lab Blank 

it* 


** 

CPT-4S 

11.1 

it* 

** 

CPT-4D 

8.50 

** 

*•* 

CPT-86-3S 

22.1 

** 

0.019 

CPT-86-3M 

16.8 

** 

0.010 

CPT-86-3D 

3.42 

** 

* 

CPT-86-3D 

3.40 

** 

*-* 

Lab Dup 

MW-9 

0.048 

** 

** 

CPT-9S 

4.50 

** 


CPT-9D 

10.1 

** 

0.008 

CPT-9D 

10.4 

** 

0.008 

Field Dup 

lOppm C2H6 

** 

it* 

10.4 

lOOppm CH4 

92.3 

** 

** 

lOOppm C2H4 

it* 

90.2 

** 

lOOppm C2H6 

*-* 


101.9 


Lower Limit of Quantitation 

0.001 0.003 0.002 

Units for the samples are mg/L dissolved in water. 
Units for the standards are parts per million. 

** denotes None Detected. 

* denotes Below Limit of Quantitation. 



SF-4-312 03/18/98 
Patrick AFB 


Sample 

Methane 

Ethylene 

Ethane 

lOOppm CH4 

96.5 

it* 

** 

lOOppm C2H4 

*-* 

106.7 

** 

10Oppm C2H6 


** 

109.7 

HPHe 

*■* 

** 

** 

Lab Blank 

it* 

** 

** 

CPT-12D 

7.64 

** 

0.006 

CPT-86-16DD 

0.023 

** 

** 

CPT-18S 

4.09 

+* 

** 

CPT-18^f 0 

7.56 

** 

** 

CPT-18DD 

0.030 

** 

** 

CPT-18DD 
Field Dup 

0.029 

** 

** 

lOppm CH4 

10.4 

** 

** 

10Oppm CH4 

93.3 

** 

** 

10Oppm C2H4 

**> 

99.0 

** 

lOOppm C2H6 

** 

** 

105.3 


Lower Limit of Quantitation 

0.001 0.003 0.002 

Units for the samples are mg/L dissolved in water. 
Units for the standards are parts per million. . 

** denotes None Detected. 

* denotes Below Limit of Quantitation. 


I 



Ref: 98-SH23 


March 23, 1998 


Drr^Doh Kampbell 

National Risk Management Research Laboratory- 
Subsurface Protection & Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 


THRU: 


S.A. 


Vandegrift 



Dear Don: 


Attached are TOC results for 13 Patrick liquids submitted 
March 19, 1998 under Service Request rrSF-4-312. Sample analysis 
was begun March 19, 1998 and completed March 19, 1998 usinq 
RSKSOP-102. 


.Blanks, duplicates, and AQC 'samples were analyzed along with 
your samples, as appropriate, for quality control. If you have 
any questions concerning this data, please feel.free to ask me. 


Sincerely, 

Sharon Hight 





xc: 


R.L. 

G.B. 

J.L. 


Cosby 



r 


t 


t 


ManTech Environmental Research Services Corporation 


R.S. Kerr Environmental Research Laboratory, P.O. Box-1198, 919 Research Drive 
Ada, Oklahoma 74821-1189 405-436-8660 FAX 405-436-8501 








KAMPBELL PATRICK SF-4-312 


SAMPLE MG/L TOC 


CPT-4D 

CPT-4S ' 

CPT86-3S 

CPT86-3M 

CPT86-3D 

CPT18S 

CPTlSjfD 

CPT18DJ? 

CPT-86-16DD 

MW-9 

CPT-9S 

CPT-9D 

CPT-12D 

WS38 


6.21 

5.23 

30.7 

24.2 

11.9 
6.82 
6.47 
6.74 
6.99 
2.9Q 
3.12 

16.9 
12.4 
5.Q7 



WS38 std t.v.-=4.92 





WATER QUALITY ANALYSES 
PATRICK AIR FORCE BASE 


/ 



CPT-12S No Sample 

Dry Well 






















































































































































